
NEWER VIEWS OF THE FUNCTIONS OF
THE ADRENALS

When an extract of the medulla of the suprarenal
bodies is introduced directly into the circulation a

series of profound physiologic reactions may be
observed. The most important of these changes are:

a cessation of the activities of the alimentary canal;
a notable shifting of the circulation from the great
vessels of the abdomen to the lungs, heart, limbs and
central nervous system, frequently manifesting itself
further in a rise in peripheral arterial pressure; an
increased cardiac vigor; an augmentation of the sugar\x=req-\
content of the blood. These are the prompt results of
what may be termed the "heroic" mode of experimen-
tation\p=m-\theadministration of considerable doses of
the active agent of the adrenals.
The question has often been raised whether or not

comparable phenomena take place in the ordinary
physiologic performances of the body; whether or

not epinephrin is continually being secreted in small
amounts to maintain the normal tonus of the blood\x=req-\
vessels and to keep the content of the blood-sugar up
to its normal level. We have previously reviewed the
current ideas on these topics and suggested the
improbability of the vasomotor and perhaps the entire
sympathetic apparatus being kept in tonic activity by
a persistent minimal suprarenal discharge.1 W. B.
Cannon of the Harvard Medical School has offered a

novel and ingenious interpretation of the service which
the adrenals may render to the organism

—

an emer¬

gency function, as he terms it.2 To understand it one

must recall that the bodily alterations noted above—
the changes in the circulation, hyperglycemia, etc.
—are also caused by nervous discharges along sympa¬
thetic pathways; discharges such as are sent forth in
crises of pain and great emotion. Furthermore, the
adrenal medulla is subject to central nervous influences
coming to it by way of the splanchnics, the artificial
stimulation of which will induce a secretory activity

1. The Suprarenals and Vasomotor Tonus, editorial, The Journal
A. M. A., March 7, 1914, p. 778; also Hoskins, R. G., and Wheelon, H.:
Adrenal Deficiency and the Sympathetic Nervous System, Am. Jour.
Physiol., 1914, xxxiv, 172.

2. Cannon, W. B.: The Emergency Function of the Adrenal Medulla
in Pain and the Major Emotions, Am. Jour. Physiol., 1914, xxxiii, 356.

with a resultant increase of epinephrin in the blood.
The next step was to prove that the adrenal glands can

actually be made to discharge their products promptly
into the circulation when they are affected by vigorous
nervous impulses coming to them normally by way of
the pathways indicated.
If it prove true that insignificantly minute quanti¬

ties of suprarenal secretory products enter the circu¬
lation in the usual routine of the bodily functions, of
what value to the organism are the extraordinary
discharges of epinephrin called forth by the major
emotions ? As Cannon says, the cessation of activities
of the alimentary canal (thus freeing energy for other
parts) ; the shifting of the blood from the less insist¬
ent abdominal viscera to the organs immediately
essential to life itself, such as the lungs, the heart, the
central nervous system and, at critical moments, the
skeletal muscles as well ; the increased cardiac vigor ;
the quick abolition of the effects of muscular fatigue,
the mobilizing of energy-giving sugar in the circula¬
tion—these are the changes which occur when fear or
rage or pain causes the adrenal glands to pour forth
an excessive secretion.

Muscles work preferably by utilizing the available
carbohydrate of the organism. Great muscular activ¬
ity considerably reduces the quantity of stored glyco-
gen and of circulating sugar. The outpouring of
sugar which is attendant on the major emotions and
physical pain and which leads to hyperglycemia may
be interpreted as a biologic adaptation to the necessi¬
ties of struggle, fighting or flight. The epinephrin,
which we now know is set free by pain and by fear
and rage, would put the muscles of the body unquali¬
fiedly under the control of the nervous system ; for
precisely as removal of the adrenals has a well-known
debilitating effect on the muscular system, injections
of their secretory products act as an invigorator. Epi¬
nephrin prepares fatigued muscles for better response
to nervous impulses sent forth in great excitement."
This provision, together with the abundance of energy-
supplying sugar newly flushed into the blood as the
consequence of the epinephrin present, would give to
an individual in which these mechanisms are most
efficient the best possible conditions for putting forth
supreme muscular efforts. Cannon even believes that
if these results of emotion and pain are not "worked
off" by action, it is conceivable that thte excessive epi¬
nephrin and sugar in the blood may have pathologic
effects.4
More recently Cannon and Mendenhall·"' have noted

that emotional excitement occasions very rapid clotting
3. Gruber, C. M.: The Fatigue Threshold as Affected by Adrenalin

and by Increased Arterial Pressure, Am. Jour. Physiol., 1914, xxxiii,
335.

4. Cannon, W. B., and D. de la Paz: The Stimulation of Adrenal
Secretion by Emotional Excitement, The Journal A. M. A., 1911, lvi,
742.

5. Cannon, W. B., and Mendenhall, W. L.: Factors Affecting the
Coagulation Time of the Blood, IV. The Hastening of Coagulation in
Pain or Emotional Excitement, Am. Jour. Physiol., 1914, xxxiv, 251.
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of the blood. This may properly be associated with a

discharge of epinephrin, which also has been shown0 to
hasten clotting and is known to be liberated by pain
and strong emotion. This phenomenon of the blood
may also be regarded as an adaptive process, useful to
the organism. Prompt clot-formation tends to con¬
serve the blood by sealing opened vessels in the injury
which may accompany pain or may follow the struggle
that fear or rage may occasion.

Such considerations help to round out Cannon's
hypothesis of the emergency function of the adrenals,
especially when taken in connection with the fact that
the absolutely essential organs

—

the heart, lungs and
brain, as well as the skeletal muscles

—

in times of
excitement or critical moments when, the adrenal
glands discharge, are abundantly supplied with blood
from organs of less importance. As Cannon con¬

cludes, each of these changes in the body is directly
serviceable in rendering the organism more efficient in
the struggle which fear or rage or pain may involve ;
for fear and rage are organic preparations for action,
and pain is the most powerful known stimulus to
supreme exertion. The organism which with the aid
of increased adrenal secretion can best muster its
energies, can best call forth sugar to supply the labor¬
ing muscles, can best lessen fatigue, and can best send
blood to the parts essential for the run or the fight
for life, is most likely to survive. Such, according to
the view here propounded, is the function of the
adrenal medulla in times of great emergency.

SODIUM FLUORID\p=m-\A POISON

Although from the point of view of superficial
chemical classification the compounds of fluorin belong
in the group of halogen salts with chlorids, iodids and
bromids, they present many points of difference from
the latter. This is particularly true with respect to
the behavior of fluorids in the animal organism. They
have long been regarded as decidedly toxic substances
and have found no recognized acceptance in pharma-
cotherapy. This failure of fluorids to be used in
medical practice need not be attributed solely to their
admittedly poisonous nature; for all too often harm-
ful as well as inert substances have been accepted as

therapeutic agents for reasons which even historical
research cannot discover.
The fluorid of sodium, which alone has any promi-

nent significance in commerce, has considerable anti-
septic power, putrefaction being delayed by the addi-
tion of one part to five hundred of fluid, while one part
in two hundred completely arrests the growth of bac-
teria. For this reason sodium fluorid was at one time
suggested as a surgical antiseptic. One catalog of
pharmaceutical preparations actually mentions it as

6. Cannon, W. B., and Gray, H.: Factors Affecting the Coagulation
Time of the Blood, II. The Hastening or Retarding of Coagulation by
Adrenalin Injections, Am. Jour. Physiol., 1914, xxxiv, 232.

used internally in "epilepsy, malaria, ague, tubercu¬
losis and skin diseases," and externally as an antiseptic
dressing for wounds and injuries, remarking further
that it does not attack nickel-plated instruments. The
internal dose is given by this publication as from
V12 to Ve grain (from 0.005 to 0.01 gm.) in solution
with sodium bicarbonate ; as an application for wounds
a solution is suggested of from 0.5: 1,000 to 10: 1,000,
and a solution of from 0.5 to 1 per cent, for mouth-
washes or for injections in vaginitis. Sodium fluoric!,
being antiseptic, is said to be used in alcohol distilleries
to prevent the formation of injurious quantities of
lactic and butyric acids during fermentation of the
mash, and also for purifying vats used in fermentation
and for disinfecting apparatus employed in distilleries.
If one turns to the actual descriptions of the

behavior of sodium fluoric! in the animal body and its
tissues, the reports do not encourage its use. Even
dilute solutions when brought into contact with the
mucous membranes produce irritations. In the eye
they may cause congestion and inflammation of the
conjunctiva and defects in the cornea. In the gastro¬
intestinal tract symptoms of pronounced irritation
appear. Solutions of the fluorids are absorbed with
great difficulty by the intestinal epithelium. After sub¬
cutaneous injections, suppuration and necrosis may
occur.

These acute results from the use of sodium fluoric!
are, to say the least, admonitory against it. Inasmuch
as in appropriate dosage it is a poison which acts

simultaneously in the most diverse parts of the organ¬
ism, any theory as to its action must be based on some

general or broadly applicable principle. The most
probable one at present involves the property of
fluorids, like oxalates, to precipitate calcium as the
insoluble salt calcium fluorid wherever the reaction
can take place in the body. The blood or tissues may
thus be deprived of lime in regions in which it is
physiologically needed.
The immediate occasion for taking up anew any

consideration of the toxicology of fluorids lies in
reiterated reports that they are being used, as they
doubtless were a few years prior to the agitation
against food preservatives, as admixtures in articles
of diet. A commercial motive is readily found in the
excellent antiseptic properties of sodium fluorid. For
this reason, renewed studies of the effects of repeated
administration of this chemical are welcomed.
Schwyzer1 has found in animals that the continued
intake of small doses of sodium fluorid, in amounts
of from 1 to 2 nig. per kilogram of body-weight, brings
about detectable symptoms: increased coagulability of
the blood, tendency toward venous thrombosis and
indications of irritation of the bone-marrow. The
chemical result is a loss of chlorin and of calcium

und
1. Schwyzer, F.: Einfluss chronischer Fluorzufuhr auf den Chlor-
Calciumstoffwechsel, Biochem. Ztschr., 1914, lx, 32.
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